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INTERFEROMETER FOR MEASURING
THICKNESS VARIATIONS OF
SEMICONDUCTOR WAFERS

This application claims the benefit of U.S. Provisional
application Ser. No. 60/018,769, filed on May 31, 1996,
which provisional application i1s incorporated by reference
herein.

TECHNICAL FIELD

The mvention relates to the field of optical metrology and
particularly to the use of interferometry for measuring
thickness variations of semiconductor wafers.

BACKGROUND

Interferometry 1s used 1 the testing of semiconductor
walers to provide measures of flatness and thickness varia-
tions. Generally, the opposite side surfaces of the waters are
both measured for flatness, and the two flatness measures are
compared to determine variations in thickness. Of the two,
the measurement of thickness variations 1s of most 1mpor-
tance because the semiconductor waters, which have a very
high aspect ratio of diameter to thickness, tend to conform
to their mounts.

Semiconductor materials, such as silicon and galllum
arsenide, are generally not transmissive within the visible
spectrum. However, the opposite side surfaces of some
semiconductor wafers are highly polished so that both side
surfaces can be measured by reflecting a test beam from each
surface and by combining the reflected test beam with a

reference beam to produce an interference pattern represen-
tative of surface variations.

One available technique using a single interferometer
measures one side surface at a time. Between measures, the
semiconductor wafer 1s remounted. Each mounting can
cause distortions 1n the shape of the semiconductor wafer,
which reduces accuracy of both flatness measurements as
well as the calculated thickness variations. The remounting
1s also time consuming.

Another available technique measures both side surfaces
simultaneously using two interferometers. Although mount-
ing distortions can still affect the flatness measurements, the
relative measure of thickness variations 1s largely 1ndepen-
dent of the mounting. However, the positions of the two
interferometers must be exactly known with respect to the
mounting. Also, the two interferometers are expensive and
difficult to maintain 1n the exactly known positions.

U.S. Pat. No. 4,653,922 to Jarisch et al. discloses an
interferometer that includes an arrangement of reflective
optics for traversing both side surfaces of “non-transparent”
walers with a single test beam. Any variation 1n the optical
path length of the test beam with respect to a reference beam
1s 1nterpreted as a variation in thickness. One embodiment
combines two flat mirrors with a diffraction grating for
ouiding the test beam, and another embodiment substitutes
a folding mirror for the grating. All of these reflective optics
are quite large and cumbersome to position in required
alignment.

These and other problems with known interferometric
techniques for measuring semiconductor wafers are made
worse by the increasing size of these wafers, which now
measure as much as 30 cm 1n diameter. One embodiment of

Jarisch et al.’s interferometer requires mirrors two to three
fimes the wafer diameter, which 1s impractical for such large
wafers.

SUMMARY OF INVENTION

Polished semiconductor wafers exhibit unique qualities of
reflectivity and transmissivity within the infrared spectrum,
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and I have discovered that these qualities enable the opposite
side surfaces of the wafers to be compared by new inter-

ferometric configurations. In fact, it 1s possible to compare
the two surfaces with interferometric techniques that would
not be possible with similar plane-parallel objects made of
optical glass.

My invention 1n one or more of its embodiments exploits
this discovery by simplifying interferometric apparatus for
measuring thickness variations 1n semiconductor wafers and
by extending the practicality of interferometric thickness
measurement to larger size walers. Improvements 1n accu-
racy and efliciency are also possible by comparing both side
surfaces simultaneously without requiring additional optics
to convey a test beam between the two side surfaces.

An terferometer, operating within a spectrum at which
the semiconductor materials are at least partially transmis-
sive (e.g., wavelengths greater than one micron), can be used
to compare the opposite side surfaces of the semiconductor
walers 1n either a null or a non-null condition. A light beam
incident to one of the opposite side surfaces 1s divided into
two relatively modified beams by a combination of trans-
mission through one of the surfaces and reflections from
both surfaces. At least one of the relatively modified beams
1s transmitted between the opposite side surfaces, and either
one of the relatively modified beams 1s reflected from both
side surfaces or each of the relatively modified beams 1is
reflected from a different one of the opposite side surfaces.
Recombining the two relatively modified beams produces an
interference pattern that can be evaluated to distinguish
differences between the optical path lengths of the relatively
modified beams as a function of distances between the
opposite side surfaces.

In the non-null condition, the optical components of my
interferometer can be limited to only a point source of
coherent 1llumination and a viewing system. A coherent light
beam diverging from the point source 1lluminates the semi-
conductor water. One portion of the light beam transmits
through the wafer and reflects from one or both side sur-
faces. Another portion of the light beam either transmits
through the wafer or reflects from one side surface. The
number of reflections performed by the two beam portions
(i.c., relatively modified beams) is an even number so that
both beam portions emanate from the same side surface
toward the viewing system.

Preferably, the viewing system includes a viewing screen
and a camera sensitive to 1nfrared radiation focused on the
viewing screen. The two beam portions 1lluminate the view-
ing screen with an interference pattern formed by differences
between their optical path lengths. Some of the optical path
differences between the two beam portions are a result of
thickness variations in the wafer, but other of these differ-
ences are attributable to variations 1 the angles of incidence
at which the wafers are 1lluminated. These latter differences
can be calculated 1n advance and used as a frame of
reference (i.e., a known non-null condition) against which
the further differences due to thickness variations can be
compared.

In the null condition, a collimator 1s used to 1lluminate the
waler with a light beam 1mpinging at a constant angle of
incidence. One particular arrangement aligns the point
source, collimator, and viewing screen along a common
optical axis. At normal incidence, one portion of the beam
impinging on the wafer 1s transmitted directly through the
waler to the viewing screen, and another beam portion 1s
transmitted through the wafer a total of three times by
reflection off of both side surfaces before reaching the
viewling screen. Thus, the optical path length difference
between the two beam portions at the viewing screen 1s
equal to the product of twice the waler thickness times the
refractive mndex of the semiconductor material. Any varia-
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tion 1n thickness alters an interference pattern on the viewing
screen that can be directly interpreted.

Both thickness variations and flatness of semiconductor
walers can be simultaneously measured in a null condition
using two different wavelengths of light. Thickness varia-
fions are measured using a first wavelength at which the
semiconductor wafer 1s at least partially transmissive, and
flatness 1s measured using a second wavelength at which the
semiconductor wafer 1s substantially opaque. Both wave-
lengths are reflected from the wafer. The first wavelength
reflects from both side surfaces, and the two reflected
portions are compared to measure thickness variations. The
second wavelength 1s split 1into reference and test portions in
advance of the wafer. The reference portion reflects from a
reference surface and the test portion reflects from the
nearest side surface of the wafer. The reference and test
portions are compared to measure flatness.

The fringes recorded by the camera for either the null or
non-null conditions of measurement are preferably further
evaluated by modulation to obtain more accurate measures
of thickness variations or flatness i1n the wafers. For
example, either the wavelength or the relative position of the
point source can be varied in a controlled manner to modu-
late the fringes. The modulation allows the calculation of
thickness or flatness differences between adjacent points on
the wafers, and the rate of fringe modulation can be used to
calculate the absolute thickness.

DRAWINGS

FIG. 1 1s a diagram showing a first embodiment of my
new 1nterferometer 1 which a semiconductor wafer 1s
viewed by transmission 1n a non-null condition.

FIG. 2 1s a graph showing optical path length differences
caused by illuminating the semiconductor wafer with vary-
ing angles of incidence.

FIG. 3 1s a diagram showing a second embodiment of my
new 1nterferometer 1n which the semiconductor wafer 1s
viewed by reflection 1n a non-null condition.

FIG. 4 1s a diagram showing a third embodiment of my
new 1nterferometer in which the semiconductor wafer is
viewed by transmission 1n a null condition.

FIG. 5 1s a diagram showing a fourth embodiment of my
new Interferometer 1n which two different wavelengths are
used for measuring both thickness variations and flatness in
a null condition.

DETAILED DESCRIPTION

An interferometer 10 depicted 1n FIG. 1 includes a point
source 12 of coherent infrared i1llumination, a transmissive
viewing screen 14, and a camera 16 all aligned with a
common optical axis 18. A semiconductor wafer 20 under
test mcludes a front surface 22 facing the point source 12
and a back surface 24 facing the viewing screen 14.
Preferably, the wafer 20 1s made from silicon or gallium
arsenide, and the front and back side surfaces 22 and 24 are
finely polished to at least approximate flatness and parallel-
ism. Conventional mounting arrangements (not shown) can
be used to support the semiconductor water 20 in the
interferometer 10.

The point source 12 can be the output of a single-mode
optical fiber, a tightly focused and spatially filtered laser
beam, or the direct output of a laser diode. A nominally
spherical wavetront 26 diverges from the point source 12
and 1impinges on the front surface 22 at angles of incidence
that progressively increase with radial distance from the
optical axis 18.

Although refracted upon entry, a portion of the diverging
wavefront 26 1s transmitted through the semiconductor
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waler 20 to the back surface 24 where 1t 1s divided mnto two
comparable wavefronts 30 and 32. Rays of the wavefront 30
refract from the back side surface 24 onto paths that are
substantially parallel but laterally offset from the paths of
their originating rays from the diverging wavefront 26. The
amount of offset varies with the incident angles of the
originating rays. Rays of the wavefront 32 reflect first from
the back surface 24 and then from the front surface 22 before
finally refracting from the back surface 24 along paths that
are also substantially parallel but laterally offset 1n an
opposite direction with respect to their originating rays from
the diverging wavefront 26.

The two wavelronts 30 and 32 can be considered longi-
tudinally sheared because they appear to diverge from

imaginary points that are displaced along the optical axis 18.
A pattern of 1nterference 1s formed by the two wavefronts 3(
and 32 on the viewing screen 14 and 1s recorded by the
camera 16 that i1s sensitive to infrared light. However, 1n
contrast to conventional interferometric practice in which a
theoretically perfect test piece produces a null interference
pattern, the interference pattern produced by even a perfect
semiconductor water 20 contains a fringe pattern represent-
ing optical path length differences associated with the vary-
ing angles of incidence at which the semiconductor water 20
1s 1lluminated. This non-null condition contains a fringe
density that 1s of approximately the same order of magnitude
as the fringe density expected from normal variations in
waler thickness “t” and cannot be removed by adjusting the
relative position or orientation of the semiconductor wafer

20.

Nevertheless, the optical path length differences that
produce the non-null interference pattern can be easily
calculated by a processor 34 for each point in the recorded
interference pattern and subtracted from the path length
differences represented by the actual interference pattern
illuminating the viewing screen 14. What remain are optical
path length differences caused by differences between a
theoretically pertect wafer and the actual semiconductor
waler 20. Although wafer deformations and material 1nho-
mogenelties can enter 1nto these differences, the largest

remaining differences are attributable to variations 1n wafer
thickness “t”.

An example of the systematic errors attributable to the
non-null condition are graphed 1n FIG. 2. The semiconduc-
tor water 20 1s assumed to have a nominal thickness of 0.75
mm and a diameter of 300 mm. The point source 12 emits
light having a wavelength of 1.523 um through a numerical
aperture of 0.1, and the viewing screen 14 1s positioned with
a 1.0 mm separation from the water 20. As expected, the
absolute value of the optical path length difference associ-
ated with the non-null condition mcreases with radial dis-
tance on the viewing screen 14 from the optical axis 18.

The fringe analysis also includes conventional modula-
tion to more accurately determine local variations 1n thick-
ness. For example, either the emitted wavelength or the
relative position of the point source can be varied to modu-
late the fringes. The rate of fringe modulation can be used to
determine the absolute thickness of the wafer 20. This rate
1s a known function of several variables including absolute
thickness, refractive index, angle of incidence, and wave-
length and can be solved for absolute thickness as the only
unknown.

Another 1nterferometer 40 1s depicted 1n FIG. 3. Opftical
components of this interferometer 40, which include a point
source 42, a viewing screen 44, and a camera 46, are similar
to those of the interferometer 10 but are arranged much
differently. A semiconductor wafer 50 has polished front and
back side surfaces 52 and 54; but in contrast to the wafer 20,
the front side surface 52 faces both the point source 42 and
the viewing screen 44. Also, the wafer 50 1s inclined from
normal incidence to rays along an optical axis 48 of the point
source 42.
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A diverging nominally spherical wavefront 56 emitted by
the point source 42 impinges on the front surface 52 of the
waler 50 at angles of incidence that progressively vary along,
a diameter of the wafer 50. The diverging wavefront 56 1s
divided into two comparable wavefronts 60 and 62 by
respective reflections from the front and back surfaces 52
and 54 of the wafer. Rays of the wavefront 60 reflect from
the front surface 52 at respective angles of reflection equal
but opposite to the angles of incidence formed by their
originating rays from the diverging wavefront 56. Rays from
the wavetront 62 refract upon entry into the water 50, reflect
from the back surface 54, and re-refract upon exiting the
waler on paths that are parallel but laterally offset with
respect to the paths of the corresponding rays of the wave-

front 60.

Both of the comparable wavelronts 60 and 62 retain
substantially spherical forms, but they now appear to ema-
nate from 1maginary point sources that are relatively dis-
placed. Since the two comparable wavefronts 60 and 62
depart from each other, a non-null mterference pattern 1is
formed on the viewing screen 44 for theoretically perfect
wafers.

Similar to the preceding embodiment, the optical path
length differences associated with the null condition can be
calculated by a processor 64 and subtracted from the optical
path length differences represented by the actual interference
pattern as a measure ol variations 1n wafer thickness “t”.
More exact measures ol thickness variations as well as a
measure of absolute thickness are obtained by modulation.

The viewing screen 44, which functions as a diffuser, 1s
preferably viewed by the camera 46 through light that 1s
transmitted by the viewing screen 44. However, the camera
46 could also be positioned to view the screen 44 through
light that 1s reflected by the screen 44. In addition, a fresnel
lens or other focusing optic could be used 1n this or any of
the other embodiments to collect light from the viewing
screen 44 and to direct 1t to the camera 46.

An mterferometer 70 depicted in FIG. 4 1s arranged
similar to the interferometer 10 but operates in a null
condition. A point source 72 produces a diverging spherical
wavelront 86 that 1s reshaped 1nto a planar wavefront 88 by
a collimator 73, which can be formed by refractive,
reflective, or diffractive optics. The planar wavefiront 88
111um1nates a front side surface 82 of a semiconductor wafler
at normal incidence. The point source 72 and the collimator
73, as well as a viewing screen 74 and a camera 76, are all
preferably aligned with a common optical axis 78. However,
the planar wavefront 88 could also be oriented to 1mpinge
upon the front side surface 82 at a non-normal angle of

incidence while preserving a null condition.

At a back side surface 84 of the water 80, the planar
wavelront 88 1s divided mto two comparable wavefronts 90
and 92. The wavefront 90 transmits directly through the
second side surface 84 to the viewing screen 74. The
wavelront 92 reflects first from a back side surface 84 and
then again from the front side surface 82 before emanating
from the back side surface 84 along substantially the same
path as the wavefront 90 to the viewing screen 74. Assuming,
that the surfaces 82 and 84 are substantially flat, the optical
path length difference between the two comparable wave-
fronts 90 and 92 1s equal to twice the thickness of the wafer

S0 times the refractive index of the semiconductor material
of the water 80.

Thus, absent any variation in thickness “t”, a null inter-
ference pattern would be expected to 1lluminate the viewing
screen 74. A processor 94 can be used to perform a con-
ventional evaluation of the fringes appearing on the viewing,
screen 74 and recorded by the camera 76. Since the inter-
fering wavefronts 90 and 92 remain substantially collimated,
it would also be possible to arrange the camera 76 to view
an 1nterference pattern on the back side surface 84 of the
waler.
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The simplified mterferometers of FIGS. 1 and 4 are made
possible by my discovery that semiconductor wafers are
both sufficiently reflective and sufficiently transmissive in
the 1nfrared spectrum to permit an interferometric compari-
son between a first portion of an infrared beam that is
transmitted through a semiconductor wafer and a remaining
portion of the infrared beam that 1s reflected from opposite
sides of the wafer.

A sufficient contrast “C” between the two beam portions
1s needed to produce useful fringe patterns. Generally, this
contrast should be ten percent or more as calculated by the
following equation:

2N - I
fl + fg

(= % 100

where “1,” 1s the intensity of one of the beam portions
reaching the viewing screen and “l,” 1s the intensity of the
other beam portion reaching the viewing screen. However, a
contrast of approximately forty percent is possible with
semiconductor wafers measured 1 accordance with my
ivention.

Most transmissive optical materials 111clud111g optical
olass do not have an 1ndex of refraction that 1s sufficiently
different from air to maintain a beam intensity through two
reflections large enough to achieve the required contrast
with a portion of the same original beam that 1s merely
transmitted. Within the visible spectrum, semiconductor
materials are not transmissive. However, beginning at wave-
lengths near 1 um 1n the infrared spectrum, semiconductor
materials such as silicon become transmissive and exhibit a
sufficient 1ndex of refraction to provide the required reflec-
tivity. The precise wavelength of infrared light can be
chosen to vary the sensitivity of the measurement.

An 1n

erferometer 100 depicted 1n FIG. §, which 1s also
arranged to operate 1n a null condition, includes two differ-
ent point sources 102 and 104 for measuring a semiconduc-
tor wafer 106. The point source 102 1s similar to the point
sources of the preceding embodiments, emitting a diverging
beam of light 108 having a wavelength within a range at
which the semiconductor water 106 1s at least partially
transmissive. The point source 104 emits a diverging beam
110 having a wavelength at which the semiconductor wafer
106 1s substantially opaque. For example, the first point
source 102 can be a diode laser operating at a wavelength of
1550 nanometers, and the second point source 104 can be a
HeNe laser operating at 633 nanometers.

Collimators 112 and 114 convert the diverging beams 108
and 110 mto collimated beams 116 and 118, which respec-
fively transmit through half-wave retardation plates 120 and
122 to polarizing beamsplitters 124 and 126. The halt-wave
retardation plate 120 1s adjusted with respect to the beam-
splitter 124 so that substantially all of the collimated beam
116 1s reflected by the beamsplitter 124 on route through a
quarter-wave retardation plate 128 to a dichroic beamsplitter

130.

The half-wave retardation plate 122 1s adjusted with
respect to the beamsplitter 126 to divide the collimated beam
118 1mnto a reference beam 132 that 1s transmitted and a test
beam 134 that 1s reflected. The reference beam 132 transmits
through a quarter-wave retardation plate 136 to a reference
mirror 138. The test beam 134 transmits through a quarter-
wave retardation plate 140 to the dichroic beamsplitter 130.

The dichroic beamsplitter 130 1s wavelength sensitive for
reflecting the collimated beam 116 and transmitting the
collimated test beam 134. Both collimated beams 116 and
134 are similarly expanded by a focusing optic 142 and a
collimator 144. Together, the focusing optic 142 and the
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collimator 144 form a beam expander, which can be made
cither achromatic or spherochromatic with a focusing adjust-
ment to accommodate the wavelength differences between
the collimated beams 116 and 134. The expanded beam 116
has a wavelength that 1s partially transmitted and partially
reflected by the semiconductor wafer 106, and the expanded
test beam 134 has a wavelength that 1s substantially reflected
by the semiconductor wafer 106.

One portion 148 of the expanded beam 116 reflects from
a front surface 150 of the wafer 106, and another portion 152
transmits through the water 106 and reflects from a back
surface 154 of the water 106. The two beam portions 148
and 152, which have path length differences that are a
function of the water thickness, interfere on the front surface
150 of the water 106 and return to the dichroic beamsplitter
130 as a first interfering beam 156.

The quarter-wave retardation plate 128 1s adjusted so the
first 1nterfering beam 156 1s substantially transmaitted
through the beamsplitter 124. A focusing optic 158 forms an
image of the interference pattern carried by the first inter-
fering beam 156 on a recording surface of an infrared
camera 160, and a processor 162 evaluates fringes of the
interference pattern to measure thickness variations between

the front and back surfaces 150 and 154 of the water 106.

The expanded test beam 134 reflects from the front
surtace 150 of the wafer and returns to the dichroic beam-
splitter 130 as a modified test beam 164 incorporating path
length variations caused by irregularities 1n the front surface
150. The modified test beam 164 interferes with the reflected
reference beam 132 at the beamsplitter 126 forming a
second interfering beam 166 that records the path length
variations undergone by the test beam 134 at the front

surface 150 of the water 106.

The two quarter-wave retardation plates 136 and 140 are
adjusted to 1improve reflection and transmission efficiencies
of the beamsplitter 126 for combining the reflected reference
beam 132 and the modified test beam 164. The plates 136
and 140 also prevent light from returning to the point source
104. A polarizing plate 168 1s adjusted to enhance contrast
between the reference beam 132 and modified test beam 164
components of the second interfering beam 166.

A focusing optic 170 forms an 1image of the interference
pattern carried by the second interfering beam 166 on a
recording surface of a CCD camera 172. A processor 174,
which can be the same processor as the processor 162,
evaluates fringes of the interference pattern to measure
flatness of the wafer’s front surface 150. A single camera
sensitive to both wavelengths of the returning beams could
also be used.

Once both the flatness of front surface 150 and the
thickness variations between the front and back surfaces 150
and 154 are known, the flatness of the back surface 154 can
be calculated by relating both measures within a common
frame of reference. Other configurations could also be used
for simultaneously measuring flatness and thickness
variations, including combinations in which flatness contin-
ues to be measured 1n a null condition and thickness varia-
fions are measured 1n a non-null condition as depicted 1in one
of the first two embodiments.

Although the 1nvention 1s specifically designed to work
with semiconductor wafers, other nominally parallel surface
test pieces made from materials meeting the recited criteria
for transmissivity and reflectivity could also be measured in
accordance with my invention. Variables such as incident
angles and point source divergence can be optimized to suite
particular applications. Also, the interferometric measure-
ment of test surfaces under non-null conditions may be
applicable to a wider range of materials, test surfaces, and
types of measures.
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I claim:

1. An interferometric method of measuring thickness
variations of parallel-surface test pieces 1n a non-null con-
dition comprising the steps of:

1lluminating a first of two nominally parallel surfaces of

a test piece with a non-collimated beam that strikes the
first parallel surface at varying angles of incidence and
that emanates from a light source located adjacent to
the first parallel surface of the test piece and remote
from a second of the parallel surfaces of the test piece;

using a combination of transmission through the first
parallel surface and reflections from both parallel sur-
faces to divide the non-collimated beam into two
relatively modified beams;

transmitting both of the relatively modified beams
through both parallel surfaces of the test piece so that
both beams emerge from the second parallel surface of
the test piece remote from the light source;

reflecting one of the modified beams from both parallel
surfaces of the test piece;

forming an interference pattern between the two relatively
modified beams that are transmitted through the test
piece including the one modified beam that reflects
from both parallel surfaces of the test piece;

locating viewing optics adjacent to the second parallel
surface of the test piece and remote from the light
source for viewing the interference pattern; and

evaluating the interference pattern to distinguish path
length variations between the two relatively modified
beams attributable to thickness variations from path
length variations between the two relatively modified
beams attributable to variations 1n the angles of 1nci-
dence through which the first parallel surface of the test
piece 1s 1lluminated.

2. The method of claim 1 in which said step of 1llumi-
nating includes i1lluminating the first parallel surface of the
test piece with a diverging beam.

3. The method of claim 2 in which said step of using
divides the diverging beam into two further diverging
beams.

4. The method of claim 1 1n which said step of locating,
includes locating a viewing screen adjacent to the second of
the parallel surfaces of the test piece and remote from the
light source.

5. The method of claim 4 1n which said step of locating
includes aligning the light source, the test piece, and the
viewling screen along a common optical axis.

6. The method of claim 1 in which the test piece 1s a
semiconductor wafer that 1s substantially opaque at wave-
lengths less than one micron.

7. The method of claim 6 1n which the beam emanating
from the light source has a wavelength greater than one
micron.

8. A method of measuring both thickness variations and
flatness of parallel-surface test pieces comprising the steps

of:

producing a first beam of light having a wavelength at
which a test piece 1s substantially opaque;

producing a second beam of light having a different
wavelength at which a test piece 1s partially transmis-
S1ve;

dividing the first beam into a reference beam and a test
beam;

illuminating a first of two nominally parallel surfaces of
the test piece with both the test beam and the second
beam;

reflecting the test beam from the first parallel surface of
the test piece;
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reflecting the reference beam from a reference surface;

using a combination of transmission through the test piece
and reflections from both parallel surfaces to divide the
second beam 1nto two relatively modified beams;

forming a first interference pattern between the reflected
reference and test beams;

forming a second interference pattern between the two
relatively modified beams;

evaluating the first interference pattern to determine path
length variations between the reflected reference and
test beams indicative of flatness 1n the first parallel
surface of the test piece; and

evaluating the second mterference pattern to determine
path length variations between the two relatively modi-
fied beams indicative of thickness variations between
the parallel surfaces of the test piece.

9. The method of claim 8 including the further step of
combining the test beam and the second beam prior to said
step of 1lluminating the first parallel surface of the test piece.

10. The method of claim 9 including the further step of
separating the reflected test beam from the two relatively
modified beams prior to said steps of forming first and
second 1nterference patterns.

11. The method of claim 8 including the further step of
reflecting a first of the relatively modified beams from the
first parallel surface of the test piece.

12. The method of claim 11 including the further step of
transmitting a second of the relatively modified beams
between the two parallel surfaces of the test piece.

13. The method of claim 12 including the further step of
reflecting the second relatively modified beam from a sec-
ond of the two parallel surfaces of the test piece.

14. The method of claim 8 in which said step of 1llumi-
nating includes 1lluminating the first parallel surface of the
test piece at normal incidence with both the test beam and
the second beam.

15. An interferometer for measuring thickness variations
of parallel-surface test pieces comprising;:

a light source that produces a diverging beam of light for
illuminating a first of two nominally parallel surfaces of
a test piece with the diverging beam at varying angles
of incidence;

said light source being located adjacent to the first parallel
surface of the test piece and remote from a second of
the parallel surfaces of the test piece;

a viewlng screen that images an interference pattern
formed between first and second portions of the diverg-
ing beam that transmit through both of the parallel
surfaces of the test piece, the first beam portion being
relatively modified with respect to the second beam
portion by reflections from both of the parallel surfaces
of the test piece;

a processor for evaluating the iterference pattern to
distinguish path length variations between the two
relatively modified beam portions attributable to thick-
ness variations from path length variations between the
two relatively modified beam portions attributable to
the varying angles of incidence at which the first
surface of the test piece 1s 1lluminated;

said test piece being aligned along a common optical axis
between said light source and said viewing screen; and
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said viewing screen being located adjacent to the second

parallel surface of the test piece and remote from said
light source.

16. The interferometer of claim 15 1mn which said light

source produces a diverging beam of light having a wave-

length greater than one micron.

17. The interferometer of claim 15 1n which the test piece
1s located closer to said viewing screen than said light
source.

18. An iterferometer for measuring both thickness varia-
tions and flatness of parallel-surface test pieces comprising:

a first light source that produces a first beam having a
wavelength at which a test piece 1s substantially
opaque;

a second light source that produces a second beam having

a different wavelength at which the test piece 1s par-
tially transmissive;

a lirst beamsplitter that divides the first beam into a
reference beam portion and a test beam portion;

a reference surface that reflects the reference beam por-
tion;

a beam expander that directs both the test beam portion
and the second beam to the test piece so that the test
beam portion reflects from a first of two nominally
parallel surfaces of the test piece, a first of two rela-
tively modified portions of the second beam reflects
from the first parallel surface, and a second of the two
relatively modified portions of the second beam reflects
from a second of the parallel surfaces of the test piece;

at least one camera for imaging a first interference pattern
between the reflected reference and test beam portions
of the first beam and for imaging a second 1nterference
pattern between the reflected relatively modified beam
portions of the second beam; and

at least one processor for evaluating the first interference
pattern to distinguish path length variations between
the reflected reference and test beam portions of the
first beam for measuring flatness of the first parallel
surface of the test piece and for evaluating the second
interference pattern to distinguish path length varia-
tions between the reflected relatively modified beam
portions of the second beam for measuring thickness
variations between the parallel surfaces of the test
plece.

19. The mterferometer of claim 18 further comprising a
second beamsplitter for combining the test beam portion of
the first beam with the second beam 1n advance of said beam
expander.

20. The interferometer of claim 18 1n which said beam
expander includes a collimator for illuminating the first
parallel surface of the test piece with both the test beam and
the second beam at normal incidence.

21. The interferometer of claim 18 in which said first
beamsplitter also combines the test and reference portions of
the first beam.

22. The interferometer of claim 18 1n which said second
beamsplitter separates the reflected test beam portion of the
first beam from the reflected relatively modified beam
portions of the second beam.
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